. The acute effects of twenty-four hours of sleep loss on the performance of nationalcaliber male collegiate weightlifters. J. Strength Cond. Res. 21(4):1146Res. 21(4): -1154Res. 21(4): . 2007.-Currently, the degree to which sleep loss influences weightlifting performance is unknown. This study compared the effects of 24 hours of sleep loss on weightlifting performance and subjective ratings of psychological states pre-exercise and postexercise in national-caliber male collegiate weightlifters. Nine males performed a maximal weightlifting protocol following 24 hours of sleep loss and a night of normal sleep. The subjects participated in a randomized, counterbalanced design with each sleep condition separated by 7 days. Testosterone and cortisol levels were quantified prior to, immediately after, and 1 hour after the resistance training session. Additionally, profile of mood states and subjective sleepiness were evaluated at the same time points. The resistance training protocol consisted of several sets of snatches, clean and jerks, and front squats. Performance was evaluated as individual exercise volume load, training intensity and overall workout volume load, and training intensity. During each training session the maximum weight lifted for the snatch, clean and jerk, and front squat were noted. No significant differences were found for any of the performance variables. A significant decrease following the sleep condition was noted for cortisol concentration immediately after and 1 hour postexercise. Vigor, fatigue, confusion, total mood disturbance, and sleepiness were all significantly altered by sleep loss. These data suggest that 24 hours of sleep loss has no adverse effects on weightlifting performance. If an athlete is in an acute period of sleep loss, as noticed by negative mood disturbances, it may be more beneficial to focus on the psychological (motivation) rather than the physiological aspect of the sport.
INTRODUCTION
S leep deprivation has been described as a state of being in which adequate sleep has not been received (60) . The scientific literature suggests that sleep and recovery play a very large role in how the athlete adapts to training and ultimately performs (46, 49, 58) . Athletes who are sleepdeprived have been reported to experience a decrease in competitive performance and have reduced levels of determination or intensity in training (3, 45, 48) . Sleep deprivation may also cause mood changes, greater levels of fatigue, depression, and confusion (4, 40, 62) . The deterioration of mood can have a tremendous effect on motivation, which is important for athletes participating in training and competition (3, 45) .
Generally, it has been reported that college students are among the most sleep-deprived people in the nation (17) , and collegiate athletes report an even greater loss of sleep than traditional college students (42) . Several different scenarios might be postulated in which a collegiate athlete, such as a weightlifter, might experience an acute period of sleep loss. These possibilities may include, but are not limited to (a) cramming for exams, (b) travel across several time zones (61) , and (c) nervous anticipation prior to a major competition which prevents the athlete from getting enough sleep (42) , and stress from cutting weight (Coach G. Pendlay, personal communication, September 2003). These scenarios have the potential to generate an acute period of sleep loss that may theoretically result in decreased performances. It is likely that when this is a frequent occurrence, chronic sleep deprivation may result, which has the potential to decrease either training or competitive performance.
When looking at the effects of acute periods of sleep loss, ranging from 24-60 hours, on anaerobic performance as assessed by the Wingate Anaerobic cycle test, the scientific literature reveals no performance decrements (6, 33, 51, 54) . Additionally, when examining grip performance, no significant changes in performance occur in response to partial sleep deprivation (46) , 24 hours (11, 32) , or 64 hours (55) of sleep loss. Conversely, it appears that a minimum of 30 hours of sleep loss is needed in order for significant performance decrements to be manifested (7, 51, 55) . Souissi et al. (51) reported that after 36 hours of sleep loss significant decreases in peak and average power generating capacity occur. Similarly, Bulbulian et al. (7) reported significant decreases in isokinetic performance in response to 30 hours of sleep loss. When examining these studies, it can be clearly seen that most require the athlete to perform one testing bout that last for a limited amount of time. It is possible to hypothesize that modeling an anaerobic training session or an extended anaerobic testing protocol might create a physiological stimuli that is strong enough to result in shorter periods (Ͻ30 h) of acute sleep loss creating an overall performance decline.
Additionally, it is possible that the type of task utilized might mitigate the effects of sleep loss on perfor- 
* Modified from Häkkinen et al. (14, 15) . 1RM ϭ one repetition maximum.
mance. In support of this contention, Takeuchi et al. (55) reported that 64 hours of sleep deprivation resulted in decreased vertical jump performance and isokinetic knee extension strength, while isometric strength and 40-m dash performance were unaffected. Even when looking at partial sleep deprivation over three days, it can be noted that decrements in performance occurred in the more skill-oriented or total body resistance training exercises such as the deadlift, leg press, and bench press, while there were no alterations in the bicep curl performance (47) . Based upon this literature, it might be hypothesized that athletes who are performing a more complex task, such as the clean and jerk or snatch, might experience a greater performance decrement in response to an acute period of sleep deprivation.
Acute performance decrements experienced in response to periods of sleep loss or deprivation may be linked to acute alterations in basal levels of cortisol and testosterone (1, (35) (36) (37) 44) . Testosterone and cortisol have been suggested to be strongly related to strength power performance or athletic preparedness in the scientific literature (14, 16) . Thus, it might be speculated that alteration in either of these two hormones during periods of acute sleep loss or deprivation might result in alterations in strength/power performance. Contemporary literature exploring the effects of sleep deprivation on basal levels of cortisol has demonstrated variable results with some studies reporting increases (37, 44) , decreases (2), or no change (24, 30, 36) in basal cortisol concentrations. Conversely, it appears that testosterone levels are depressed when sleep deprivation is coupled with physical strain (1, 35, 36) . Based upon these studies, it is likely that acute periods of sleep deprivation may result in a suppression of testosterone levels and an elevation of cortisol levels both of which may impact athletic performance.
Probably the most noted effects of acute periods of sleep loss or deprivation (Ͻ24 hours) are manifested as decrements in psychological performance variables (41). Meney et al. (32) report that vigor, fatigue, confusion, and total mood disturbances, as assessed by the profile of mood states, were negatively impacted after 24 hours of sleep loss. It has also been reported that mood is more affected by sleep loss or deprivation than either cognitive or motor performance (41) . Generally, decrements in mood states occur in advance of physical performance decrements, particularly if there is extrinsic motivation to succeed (38) . Overall, the greater the amount of total stress (sleep deprivation, caloric deficit, prolonged work) the greater the changes in psychological measures associated with the profile of mode states. Decreases in mood are generally associated with decreases in motivation, which can significantly impact both training and competitive performance (3, 45) .
Interestingly, when looking at the current body of data examining acute bouts of sleep loss, two things are striking: (a) it appears that none of the studies have actually modeled a training session that requires the performance of a series of high-intensity exercises that are performed for multiple sets and repetitions and (b) none of the activities modeled use technical skills similar to those employed in an actual training session or competition. Additionally, to the authors' knowledge, no studies have been completed which look at the acute physiological and psychological affects of sleep loss in high-velocity and high-intensity exercises, such as Olympic-style weightlifting, that are performed with multiple sets and exercises similar to those encountered during a typical training session. Therefore, the primary purpose of this study was to examine the effects of 24 hours of sleep loss on various markers of physiological and psychological performance during a high intensity training session undertaken by national-caliber collegiate male weightlifters.
METHODS

Experimental Approach to the Problem
The present study utilized a randomized counterbalanced design to investigate the effects of 24 hours of sleep loss on various markers of physiological and psychological performance during a typical training session performed by national-caliber collegiate male weightlifters. The subjects were tested on three different occasions. The first testing session was used to determine the subjects' 1 repetition maximum (1RM) in the snatch, clean and jerk, and front squat. The second and third testing sessions were the experimental conditions where the subjects were randomly assigned to various lengths of sleep in a counterbalanced fashion. In the nonsleep loss and sleep loss sessions, the duration of sleep was 8 and 0 hours, respectively. For a summary of the testing timeline, please refer to Figure 1 . Following the period of sleep, the subjects performed an intensive weightlifting training session adapted from Hä kkinen et al. (13, 15) (Table 1) . Each experimental condition was separated by exactly 7 days and was performed at the same time of day.
Subjects
Nine collegiate national-caliber male weightlifters who were in the middle of a strength phase of a periodized training program volunteered to be subjects for the present investigation. Subjects had a minimum of one year of previous training experience with the Olympic-style lifts. All subjects had met the qualifying total for the 2004 USA Weightlifting Collegiate Nationals in their respective weight class by lifting an average total of 120.4 Ϯ 13.7% of the total required to lift in the competition. Additionally, all subjects were training on the same collegiate team and utilized an identical training program prior to the initiation of the study. Subjects habitually slept 8 (Ϯ1) hours a night as determined by the pretesting sleep log. All subjects were moderately evening to intermediate chronotypes based on the ''morningness-eveningness'' questionnaire (score between 31 and 58) (21) . Subjects' biometric data are provided in Table 2 . Prior to participating in this investigation, all subjects read and signed an informed consent and completed a health history questionnaire in accordance with guidelines set forth by the human subjects review committee at Midwestern State University (HSRC #04061101). All subjects were required to have not been consuming caffeine or other dietary supplements for the 4 weeks prior to the study in order to be considered for participation.
Experimental Protocol
Preliminary Testing. During the first testing session, subjects had their height, body mass, and body composition assessed. Height was measured to the nearest 0.1 cm using a stadiometer, and body mass was determined to the nearest 0.1 kg using an electronic scale. A 7-site skinfold measurement was performed by the same tester in order to assess body composition on all of the subjects. Testretest reliability has consistently produced high intraclass correlations (ICC ϭ 0.99) for this procedure in our laboratories. Skinfolds were measured using Harpenden Skinfold Calipers (Baty International, England) on the right side of the body three times at each site with the median value recorded (22) . The Siri equation was used to estimate percent body fat for each subject (50) .
The subjects then performed the snatch, clean and jerk, and front squat with standard methods (15) and maximums were determined via the use of a modified 1RM protocol (52) . Briefly, this protocol required subjects to warm-up as if they were preparing for a competition as suggested by the United States Weightlifting Federation (23) . After the completion of the warm-up, subjects performed maximal attempts with progressive resistances until there were 2 successive misses. The same warmup and testing protocol was used for each of the three exercises tested. Thirty minutes of recovery was given between each exercise. The exercises were tested in the following order: snatch, clean and jerk, and front squat. Maximal testing has been highly reliable in our lab as indicated by an ICC Ͼ0.98.
Each subject was required to keep a sleep and training journal prior to each of the experimental sessions. The sleep journal required the athletes to record the duration and quality of sleep for the 4 days prior to each experimental session. Training journals were used to record the training volume, intensity, and exercise undertaken during the week prior to each experimental condition. In order to strengthen the training log, data researchers observed and assisted athletes during each week of training. All athletes were on an identical program as determined by the collegiate weightlifting coach. Finally, subjects recorded their dietary intake for the 3 days prior to each experimental day. Prior to participating in each experimental condition, the subjects' pre-experimental condition sleep, activity, and diet compliance were verified by careful examination of the sleep, training journals, and dietary records.
Experimental Treatments. On the day preceding each experimental session, subjects were instructed to refrain from any strenuous activity (training) and to consume the foods they generally eat as indicated in their dietary log.
For the second testing session, subjects were notified the day before at 15:00 hours as to which testing session they were randomly selected to perform. The subjects that were not assigned the experimental treatment slept at home and were instructed to go to sleep at 24:00 and awake at 08:00. The subjects that were assigned the experimental treatment were required to report to the laboratory by 23:30. The subjects were quarantined in the laboratory and monitored by the research staff. All subjects were not allowed to sleep and they stayed awake via watching television, reading, working on a computer, conversation, and playing video and card games. Subjects were strictly supervised by the research staff in order to avoid any eating, napping, or consumption of alcohol or caffeinated beverages. Any subjects who did not follow these strict guidelines were removed from the investigation. The third testing session was identical to the second testing session except that the subjects switched experimental treatments.
Psychological Assessments. For the second and third testing sessions, the subjects reported to the Human Performance Laboratory by 08:30. Prior to exercise, the subjects were instructed to sit in a chair while their subjective sleepiness (18) and profile of mood states (POMS) (31) were recorded. The POMS instrument was administered with the procedures outline by McNair et al. (31) . The training session was initiated at 09:00. The subjects performed warm-up lifts with lighter weights before beginning the workout protocol. All subjects were familiarized with the ratings of perceived exertion (RPE) scale during the preliminary testing. A standardized script of instructions was used in the description of the RPE scale every time it was administered in order to insure accuracy in the collection of this data (59) . RPE were measured immediately after each maximal set (5) . Subjective sleepiness and POMS were obtained directly following the workout.
Hormonal Analyses. When subjects reported to the laboratory, they were required to sit quietly for 15 minutes after which a 10-ml blood sample was collected from an antecubital vein. A 10-ml blood sample was collected immediately after and 1 hour postworkout. Subjects were only allowed to consume water during the workout and during the 1 hour time period after the completion of the training session. Immediately after each blood draw, hematocrit was measured with standard procedures. Hematocrit values were then used to estimate the plasma volume shift (57) . The Vacutainer with the remaining blood was then placed in an IEC Centra MP4 centrifuge (Thermo Fisher Scientific, Waltham, MA) with the temperature set at 4Њ C and spun for 30 minutes at 2,750g. The serum was then separated using disposable plastic transfer pipettes and placed in labeled microtubes and immediately frozen at Ϫ85Њ C for subsequent analysis of testosterone, cortisol, and the calculation of the testosterone/cortisol (T/C) ratio. All samples for each hormone were determined in duplicate and were thawed only once for each assay procedure. Plasma testosterone and cortisol were determined using an enzyme immunosorbent assay (EIA) with sensitivities of 0.14 and 2.8 nmol·L
Ϫ1
, respectively (Diagnostic Systems Laboratory, Webster, TX). Absorbances were read on a multilabel counter (VersaMax; Molecular Devices, Sunnyvale, CA). Intra-assay variances for testosterone and cortisol were 2.4 and 6.7%, respectively.
Statistical Analyses
Paired comparisons were utilized in the analysis of all dietary data, weightlifting performance data, and the ratings of perceived exertions. A 2 ϫ 3 repeated measures analysis of variance (ANOVA) was used to determine significant differences between the two sleep protocols and the different blood measures. When significant F values were determined (p Յ 0.05), paired comparisons were used in conjunction with the Holm's Bonferroni method for controlling type I error (19) , to determine the significant differences. A 2 ϫ 2 repeated measures ANOVA was used to determine significant differences between the two sleep protocols for subjective sleepiness and the individual POMS sub categories. Follow-up paired comparisons were utilized in conjunction with a Holm's Bonferroni procedure for controlling type I errors when significant F values were determined (p Յ 0.05) (20) . All data were reported as mean Ϯ SD. Power analyses revealed power values of 0.23-0.98 depending upon which POMS values were analyzed and 0.80 for the statistical procedures associated with the subjective sleepiness scale. When looking at the power values, the statistics associated with the assessment of cortisol powers ranged from 0.05 to 0.95. The statistical analyses associated with testosterone exhibited power values were between 0.06 and 0.56. Statistical significance was set at the p Յ 0.05 level of confidence. All analyses were performed via SPSS (version 12.2; SPSS, Inc., Chicago, IL).
RESULTS
There were no significant differences between the training volume (p ϭ 0.99, 2 ϭ 0.002), training intensity (p ϭ 0.38, 2 ϭ 0.06), and hours of sleep (p ϭ 0.17, 2 ϭ 0.14) during the week prior to each testing session. Additionally, no differences were determined between the total kcal (p ϭ 0.86, 2 ϭ 0.004) consumed and the grams of carbohydrate (p ϭ 0.11, 2 ϭ 0.29), protein (p ϭ 0.14, 2 ϭ 0.25), and fat (p ϭ 0.18, 2 ϭ 0.21) in the days prior to each testing session. Pretesting data are presented in Table 3 .
The analysis of the performance data revealed no significant differences between the sleep-deprived condition and the nonsleep-deprived condition for any of the variables measured. A summary of the results of these variables is presented in Tables 4 and 5 .
The analysis of the data collected with the use of the POMS revealed a significant difference between the two sleep conditions (p ϭ 0.002, 1 Ϫ ␤ ϭ 0.98, 2 ϭ 0.73) for vigor. Follow-up tests revealed significant differences between the nonsleep-deprived and sleep-deprived conditions for the pre-exercise measurement (p ϭ 0.009, 2 . Sleepiness was not significantly different between conditions at the pre-exercise time point (p ϭ 0.14, 2 ϭ 0.25), but was significantly lower in the nonsleep-deprived condition at the postexercise measurement (p ϭ 0.007, 2 ϭ 0.62). A summary of the psychological variables assessed can be found in Table 6 .
No significant differences were noted between the two sleep conditions for ratings of perceived exertion after the snatch (p ϭ 0.90, 2 ϭ 0.002), clean and jerk (p ϭ 0.24, 2 ϭ 0.16), and the front squat (p ϭ 0.74, 2 ϭ 0.01) ( Table  7) . than the 1-hour postexercise cortisol value during the nonsleep-deprived condition (Figure 3) . The testosterone response to sleep-deprived and the nonsleep-deprived condition is presented in Figure 4 . No significant differences were determined between the conditions (p ϭ 0.77, 1 Ϫ ␤ ϭ 0.06, 2 ϭ 0.01), over the testing time period (p ϭ 0.94, 1 Ϫ ␤ ϭ 0.06, 2 ϭ 0.02), or for the condition by time interaction (p ϭ 0.21, 1 Ϫ ␤ ϭ 0.28, 2 ϭ 0.36). Additionally, when the T/C ratio was evaluated, no significant differences existed between conditions (p ϭ 0.79, 1 Ϫ ␤ ϭ 0.07, 2 ϭ 0.01), over time (p ϭ 0.06, 1 Ϫ ␤ ϭ 0.56, 2 ϭ 0.56), or for the condition by time interaction (p ϭ 0.75, 1 Ϫ ␤ ϭ 0.08, 2 ϭ 0.09). A summary of the T/C ratio response is presented in Figure 5 .
DISCUSSION
The primary finding in this investigation is that 24 hours of sleep loss does not affect weightlifting performance during a high intensity training session. In the present investigation 1RM weights determined during the performance of the snatch, clean and jerk, and front squat were unaltered by the amount of sleep received the night prior to the training session. These findings are in general agreement with the findings of Reilly et al. (47) where one night of partial sleep deprivation did not affect maximal lifting performance in the biceps curl, bench press, leg press, and dead lift. The present study differs slightly from that of Reilly et al. (47) in that it utilizes a complex task that has a large skill component, which was hypothesized to accentuate the effects of the acute period of sleep loss. This hypothesis was based upon the data that suggest that the performance of less skilled tasks are not as affected by periods of sleep loss than more complex motor skills (47) . However, while the present study employed a series of complex motor tasks, the 24-hour period of sleep loss may not have been long enough to induce the expected performance decrements.
Generally, the literature suggests that the effects of Ͻ30 hours of sleep loss have resulted in no significant alterations in markers of physical performance (11, 32, 46, 47) . When examining other anaerobic activities such as the Wingate Anaerobic cycle, test performance decrements are typically absent with acute periods of sleep loss, which range from 4-60 hours (6, 33, 51, 54) . Conversely, some researchers have noted decrements in Wingate performance with acute periods of sleep loss as short as 36 hours. Additionally, when looking at the effects of acute periods of sleep loss (60 hours) on other markers of anaerobic performance, such as the vertical jump and isokinetic knee extension strength, decreased performance has been noted (55) . Based upon the current body of knowledge, the lack of performance impairments found in the present study may have occurred in response to a relatively short period of sleep deprivation. It is likely that extending the period of sleep deprivation or utilizing multiple days of partial sleep loss would have resulted in decrements in performance.
Several studies have reported a decrease in performance following a period of sleep deficit (7, 9, 26, 32, 55, 56) . Thirty hours of sleep loss combined with intermittent exercise significantly decreased isokinetic knee extension peak torque at 1.57, 2.62, and 3.66 rad·sec Ϫ1 and for knee flexion peak torque at 1.57 rad·sec Ϫ1 (7). Sixty-four hours of sleep loss resulted in significant decrements in knee extension torque at 60 and 180Њ·sec Ϫ1 (55) . Interestingly, when sleep loss was not combined with exercise, knee extension torque significantly decreased at 1.57, 2.62, and 3.66 rad·sec Ϫ1 (7) and at 60Њ·sec Ϫ1 (55) . Sleep loss has also been reported to result in significantly increased 40-yard sprint time (9) , decreased vertical jump height (55) , back strength (32) , and isometric grip strength (26, 56) .
Many authors speculated that the decrease in exercise performance is due to a decrease in arousal and diminished motivation (28, 47, 54, 55) . Decreases in mood states often occur before physical performance decrements, particularly if there is extrinsic motivation to succeed (38) . Confusion, fatigue, vigor, and total mood disturbance were all negatively affected by sleep deprivation in the present study. These changes in mood are in broad agreement with previous studies (27, 30, 32, 47) . Additionally, feelings of fatigue were increased due to the intensity of the workout protocol even though the subjects were accustomed to this type of training.
Interestingly, in the present investigation subjective sleepiness was not altered after 24 hours of sleep deprivation. This result is in disagreement with previous findings (27, 30, 46, 47) where the perception of sleepiness was increased following varying periods of sleep loss. The findings of this investigation could have been due to the novelty and anticipation of the exercise after the sleep deprivation situation (20) . Following the exercise bout, feelings of sleepiness were decreased in the nonsleep-deprived conditioned subjects and were unaffected in the sleep-deprived subjects. Similar results were reported in other studies where exercise did not affect sleepiness in sleep-deprived subjects from pre-exercise to postexercise (27, 47) . The lack of change in the perception of sleepiness experienced by the sleep-deprived subjects may have occurred because of the combination of the lack of sleep and the fatigue associated with the weightlifting protocol.
An increase in the perception of effort or RPE following a bout of maximal exercise in a sleep-deprived state should not be affected unless there is a highly technical component to the exercise, or the movement requires a base level of skill not yet mastered by the subject. Ratings of perceived exertion in the present study were unaffected by sleep deprivation after the performance of maximal attempts in the snatch, clean and jerk, and front squat. This finding is in agreement (34) with a related study where maximal exercise was performed. The findings of a lack of increase in RPE in the current study might be expected as the subjects were technically proficient at performing the exercises utilized. Another possible reason often reported in the literature for the occurrence of an increase in RPE in response to sleep deprivation could be due to the increase in fatigue and sleepiness that usually occurs following a period of sleep deprivation, or to the perceived notion that sleep loss will decrease performance (29) . Therefore, another possible reason for a lack of increase in the subjects' RPE may be linked to a lack of change in the subjects' sleepiness as determined by the subjective sleepiness measurement scale.
Following a period of sleep deprivation, cortisol concentrations have been reported to increase (37, 44) , decrease (2), or remain unaltered (24, 30, 36) . The cortisol response generally fluctuates according to the length of the training session and amount of volume and/or intensity prescribed. After an acute resistance training bout, cortisol concentrations have been reported to increase (12, 15, 25) , decrease (15), or remain unaffected (12, 39, 43) .
During this investigation, cortisol concentrations decreased immediately after exercise and 1 hour postexercise when compared to pre-exercise levels in the nonsleepdeprived condition. This finding is similar to that found by Hä kkinen et al. (15) who postulated that the decrease in serum cortisol concentrations can be explained by diurnal variation (10) , which could have masked the possible increase. Additionally, the decrease in cortisol concentrations agrees with Akerstedt et al. (2) who discovered a significant decrement in serum cortisol after 48 hours of sleep deprivation. Therefore, it appears that sleep deprivation by itself does not result in an increased activation of cortisol secretion (2) , but the response remains equivocal.
Following a period of sleep deprivation, the testosterone response to an ensuing exercise bout appears to decrease (1, 2, 35, 36) . The testosterone response also varies according to length of training session and amount of volume and/or intensity prescribed. Testosterone concentrations increase (12, 15, 25, 43) , decrease (15) , or remain unaffected (12, 39, 43) following an acute resistance training bout. Neither sleep deprivation nor the weightlifting protocol altered the testosterone concentration in the current study. This was probably a result of the nature of the exercise regime (high-intensity, moderate volume) as the program was very similar to that used by other investigators who also found no change in testosterone concentrations (12, 39, 43) . Similarly, testosterone concentrations may have been blunted by a combination of two factors: diurnal variation (8) which could have obscured the possible increase, and the effect of sleep deprivation which could have masked the possible decrease. Additionally, the T/C ratio was not affected by the sleep condition or the workout protocol, which is to be expected following a typical weightlifting workout (39) .
In conclusion, it has long been thought that sleep loss creates a stressful situation that significantly impacts athletic performance. However, the results from acute sleep loss studies do not seem to support the theory in a physiological sense. The majority of adverse effects are found in the psychological variables relating to performance. Bonnet (4) theorized that motivation is a key marker in the validity of tests of anaerobic power and capacity since sleep deprivation mainly affects the higher central nervous system cognitive center. Symons et al. (53) concluded that subjects who undergo acute periods of sleep loss for 60 hours can react as fast, and with as much force, as those who have had a regular night of sleep. Therefore, the substantial psychological alterations and lack of physiological changes following periods of sleep loss support the theory that sleep serves primarily the brain.
PRACTICAL APPLICATIONS
These data indicate that acute periods of sleep loss will not negatively alter the physiological capabilities of an athlete involved in short-term maximal efforts. Preceding a competition, athletes are capable of performing very well as long as they are intensely focused on the task at hand. The athletes can be successful if they are sufficiently mentally motivated.
Additionally, coaches need to be aware of their athlete's sleep status. Traveling, different sleeping environments, cutting weight, and precompetition anxiety can all disturb an athlete's sleep. If an athlete is in a state of sleep debt, as noticed by negative mood disturbances, it
